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Abstract 
A force sensor clip for the measurement of forces with orthopedic instruments is presented. The clip can be attached to different 
orthopedic instruments and be removed after use for sterilization. It consists of an elastically deformable metal body made from 
titanium alloy and a strain gauge foil. Four strain gauges in a Wheatstone bridge configuration were fabricated on a single 
polyimide foil and assembled to the clip. In a test setup the sensor shows a linear response with respect to the bending of the clip 
with good sensitivity. 
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1. Introduction 
Multiple factors lead to an increase in total joint replacement surgeries in the last decades. Despite the increased 
expectancy of life in Western countries an increase in body weight and activity level of the patients could be 
observed [1]. The latter factors lead to an increased joint wear and finally to joint arthrosis. This is the indication for 
a total joint replacement in most cases. But the outcome of the joint replacement intervention does not only depend 
on the implant design but also on the surgical techniques. Navigated surgeries help to minimize positioning errors of 
the implant and so to extend the prosthesis lifetime. But also intraoperational force measurement can play an 
essential role for the lifetime of the prosthesis. It helps to sustain the physiological force balance in the respective 
joint after implantation of the prosthesis. 
In total knee replacement the tension of collateral ligaments is a key factor for a stable knee after the insertion of 
the total knee arthroplasty [2]. In clinical practice, the knee is extended by a mechanical tool and the joint gap is 
measured to plan the femoral cut [3]. This method is highly dependent on the surgeon and neither quantitative nor 
reproducible. Tibial trial inlays with force sensors for soft tissue balancing after insertion of the implant are 
presented in the literature [4, 5]. But these devices can only be applied after both bone cuts are made and are used 
for soft tissue balancing. The presented sensor clip can be attached to a knee extractor to measure the joint gap with 
defined ligament tension before the femoral cut and ensure optimal placement of the cut. But also applications for 
other instruments either in knee or hip joint replacement are possible. 
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2. Materials and Methods 
 
a) b) 
Fig.1: Mount for sensor clip; a) Photo of the sensor clip mount; b) cross section  
The presented force sensor clip can be attached to various instruments needed in joint replacement surgery to 
provide force-measurement ability. By making the force sensor attachable it can be used on multiple instruments 
and can be sterilized independently from the instrument. 
The force sensor clip is attached to the instrument by snapping it onto a mount and fixing it with a lever 
afterwards. This mount can be seen in Fig.1. Fig.1b shows a cross-section through the mount. On the right side of 
the mount, the sensor clip is held down because the angle α is less than 90°. The angle β is greater than 90° to 
prestress the sensorclip slightly when it locked with the fixation lever. By prestressing the sensor a dead zone in 
measurement is avoided. 
The sensor clip consists of two main components. An elastic metal body and a strain gauge sensor foil. These two 
components are bonded together with epoxy adhesive. The sensor foil contains four strain gauges in Wheatstone 
bridge configuration. Two active strain gauges measure the elastic deformation of the metal body. The other two 
strain gauges are passive. 
 
 
a) b) 
Fig. 2: a) Placement of strain gauges on elastic body; b) FEM simulation of strain in elastic body 
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active strain gauges
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2.1. Elastic body 
The elastic body is manufactured from a biocompatible titanium alloy. It is elastically strained when an external 
force acts on it. It has two beams with low geometrical moment of inertia where most of the strain is taken up during 
deformation. The two active strain gauges are placed on these beams to achieve a good sensitivity. The beams are 
maked in pink in Fig. 2a. The design of the beams was optimized utilizing ANSYS FEM simulation to get a 
homogenous strain profile over the beams. Fig. 2b shows the simulation result for the strain along the x-axis for the 
final design. A uniform stress distribution along the whole beam can be observed. It can also be seen that the green 
marked area in Fig. 2a remains unstressed. Here the two passive strain gauges are placed. The feed through on the 
left side of the metal body in Fig. 2a is used as a strain relief for the measurement leads. A cable with the four 
needed leads is fed through the hole. 
2.2. Sensor Foil 
The sensor foil is based on a polyimide film with a thickness of 5 µm. Platinum strain gauges were sputtered on 
the foil in a lift-off process. The conductive tracks for connecting the single strain gauges and for the contact pads 
were electroplated with a 5 µm thick layer of gold. The whole foil was covered with a second layer of polyimide just 
leaving the contact pads for the measurement leads open. This layer protects the strain gauges from mechanical 
damage and gives good electrical insulation. By the arrangement of all sensors in a Wheatstone bridge on a single 
foil, placement accuracy of the strain gauges is improved. Furthermore, the wiring of the strain gauges is optimized. 
Only four leads need to be connected to the sensor foil for connection of the Wheatstone bridge. 
 
Fig. 3: CAD design of the sensor foil 
2.3. Assembly 
In a first step lead-free solder paste was dispensed on the contact pads of the sensor foil and the paste was 
reflowed on a hotplate under nitrogen atmosphere. Subsequently the foil was attached with an epoxy adhesive on the 
elastic body by applying pressure on the foil during the curing process of the epoxy. Afterwards, the leads were 
soldered to the foil. After bonding the foil and contact pads were folded over the passive strain gauges. The soldered 
contacts were fixed with a silicone which serves also as a strain relief for the cable. 
3. Measurements and discussion 
The sensor clip was characterized in a bending experiment. A bending beam was equipped with a mount for 
sensor clip. This beam was fixed at one end and deflected at the other end. The sensor clip was positioned as close 
as possible to the fixed end because the strain increases linearly towards this end over the beam surface. The 
deflection was measured using a digital dial indicator. The Wheatstone bridge was supplied with a voltage of 5 V by 
732 U. Nolten et al. / Procedia Engineering 5 (2010) 730–733
4 Author name / Procedia Engineering 00 (2010) 000–000 
a precision laboratory voltage source. The output voltage of the sensor was measured with a digital multimeter. All 
instruments are controlled using LabView. 
The output voltage of the sensor over the beam deflection is shown in Fig. 4a. The sensor shows a linear 
behavior. The sensitivity was determind to 2.75 mV/mm. The theoretical sensitivity of strain gauge directly applied 
to a bending beam with the same geometrical dimensions was calculated to 2.17 mV/mm. The increased sensitivity 
of the sensor clip can be explained by the increased distance from the neutral fiber. But the sensitivity is also 
lowered because auf the increased geometrical moment of inertia caused by the mount and the sensor clip. 
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Fig. 4: a) Output voltage over deflection of bending beam; b) relative error in output voltage over temperature  
Fig. 4b shows the relative error in the output voltage over a temperature range from 0°C to 50°C. 20°C was 
chosen as reference. It can be seen that the maximal error caused by temperature is 1.3% at 45°C. This small error 
would cause a measurement uncertainty of only 13 µm. 
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